DIAGNOSTIC angiocardiography necessitates the injection of large amounts of contrast medium into the circulation. In response to such injections a transient fall in systemic arterial blood pressure and an increase in heart rate of approximately 2 minutes' duration have been reported in human beings" 2 and in animals.3 Also, a transient cutaneous erythema is well recognized subsequent to the injection of contrast medium. At the time of this study there are no reports concerning the effects of injections of contrast agents on the serial changes in cardiac output in intact man. This paper is concerned with the determination of cardiac output and other hemodynamic variables in 28 patients who underwent diagnostic angiocardiography. We found that contrast medium has a considerable effect on the circulation and, in particular, that it produces an appreciable sustained elevation of the cardiac output and a large increase in muscle blood flow.
DIAGNOSTIC angiocardiography necessitates the injection of large amounts of contrast medium into the circulation. In response to such injections a transient fall in systemic arterial blood pressure and an increase in heart rate of approximately 2 minutes' duration have been reported in human beings" 2 and in animals. 3 Also, a transient cutaneous erythema is well recognized subsequent to the injection of contrast medium. At the time of this study there are no reports concerning the effects of injections of contrast agents on the serial changes in cardiac output in intact man. This paper is concerned with the determination of cardiac output and other hemodynamic variables in 28 patients who underwent diagnostic angiocardiography. We found that contrast medium has a considerable effect on the circulation and, in particular, that it produces an appreciable sustained elevation of the cardiac output and a large increase in muscle blood flow.
Material and Methods
Vital statistics on the 28 patients included in this study and the measurements made are exhibited in table 1. The six patients having aortic stenosis, the three patients having pulmonary stenosis, and the patient with coarctation had mild lesions that did not cause significant hemodynamic alterations.
All patients underwent cardiac catheterization including angiocardiography for diagnostic purposes. Left Effects of angiocardiography on systemic systolic and diastolic pressures and on R-R (ECG) intervals after the injection of contrast medium into the right side of the heart (10 patients) (left) and the left side of the heart (10 patients) (right between the effects of injections into the right side of the heart and those that followed injection into the left ventricle. Figure 2 shows an analysis of systolic and diastolic blood pressures and the heart rate (electrocardiographic R-R intervals) in 20 patients; in 10 the medium was injected into the right side of the heart and in 10, into the left ventricle. The absence of a significant difference between these data and other data on injections into the left and right sides of the heart did not suggest that the site of injection was a major determinant of the over-all cardiovascular response. Figure 3 shows data on cardiac output and limb blood flow in a 7-year-old boy (weight, 31.4 Kg.) after injection of identical amounts of dextran (1. Effects of injection of dextran (1. Changes in cardiac output following angiocardiography. The maximal increase occurred within 2 minutes and gradually decreased, the mean value still exceeding control level after 10 to 15 minutes.
pressure, heart rate, cardiac output, limb blood flow, and stroke volume on injection of contrast were much greater. After injection of Renovist, the cardiac output increased by 50 per cent, but then declined much faster in this patient than it did in the study group as a whole. Also a greater and more sustained elevation of systemic arterial pressure and an early return to the control value for blood flow through the calf occurred in this patient. An analysis of the cardiac output values obtained in 10 patients is shown in figure 4 , which includes values in all patients in whom observations made within the intervals shown were sufficient for statistical analysis. In the other patients, cardiac output determinations showed similar changes. The average change and range of changes expressed as percentages are shown in table 2; these demonstrate the magnitude of the changes in cardiac output, peripheral blood flow, R-R interval, intracardial and arterial pressures, and calculated systemic resistance. Small elevation of left ventricular pressures accompanied the injection of contrast medium, but the maximal change occurred 2 to 3 minutes after injection. Since such changes in pressure occurred at the time of increase in cardiac output, the relationship between end-diastolic pressure and stroke work for five patients is plotted in figure 5 . This shows that the increase in filling pressure after angiocardiography is accompanied by a significant increase in stroke work. The duration of the increase in left ventricular end-diastolic and in right atrial pressures is approximately equal to that of the increased cardiac output as judged by observations for 20 minutes after angiocardiography. Discussion This study demonstrates that conventional angiocardiography, as used in a diagnostic application, is accompanied by major changes in cardiac output. This finding is consistent and shows that maximal changes occur between 1 and 2 minutes subsequent to angiocardiography, although it was not possible to obtain meaningful data prior to this interval. Cardiac output returns toward normal and appears to reach the control value between 15 to 20 minutes after injection of contrast medium.
The factors resulting in the change in cardiac output may be partially deduced by examination of certain auxiliary data. Clearly, appreciable vasodilatation, which could either be of local nature Figure 6 Per cent of change in cardiac output, and hematocrit and hemoglobin values following angiocardiography. The peak change in cardiac output occurred during the 1-to 2-minute interval, whereas maximal hemodilution occurred during the 2-to 4-minute interval after angiocardiography. angiocardiography are accompanied by increases in ventricular stroke work. The ventricle may be functioning at a different level on the same function curve;'3 the increased ventricular end-diastolic pressure could be the result of increased blood volume and not necessarily due to any impairment of myocardial function attributable to toxic effects of the contrast material.
Summary
The cardiovascular response to angiographic contrast medium was studied in 28 patients undergoing diagnostic angiocardiography under anesthesia. A transient phase of hypotension and tachycardia similar to that described by other authors was noted. Cardiac output was increased initially by 50 per cent and returned to the base line in 20 minutes. Peripheral blood flow increased by 100 per cent, apparently due to the direct effect of the hyperosmotic solution on the vascular smooth muscle. Hemodilution, maximal 2 to 4 minutes after injection of contrast medium, suggested a transient increase in circulating blood volume. Increased ventricular filling pressures, which were thought to be due to hypervolemia, were associated with increased left ventricular stroke work.
